INTRODUCTION
Determining a cancer's origin has significant implications as it generally determines the local treatment strategy or choice of systemic therapy. Since there are multiple new agents approved for the treatment of metastatic renal cell carcinoma (RCC), it is of critical importance to correctly determine the tumour type prior to embarking down a treatment pathway. Unfortunately relying on a diagnostic core biopsy is often challenging due to limited availability of material from often difficult to sample metastatic sites and therefore Current National Comprehensive Cancer Guidelines do not make strong recommendations on the role of biopsy. 1 Even when resected, as high as 5% of primary tumours are considered unclassified since they may be too poorly differentiated, have sarcomatoid differentiation without evidence of epithelial components, or have a mixed morphological pattern. For metastatic tumours that arise from the kidney, these lesions may resemble multiple other malignancies (ex. other clear cell neoplasms), have different characteristics than the prior primary tumour or be poorly differentiated. 2 Moreover, these tumours are often necrotic, resulting in additional diagnostic challenges. For these reasons pathologists often rely on immunohistochemistry to distinguish primary and metastatic RCCs from other primary tumours. 3 However, it has increasingly been recognised that RCC is not one disease, but a heterogenous group of cancers with a distinct genetic basis. Nearly all RCC subtypes can metastasise and therefore, in the setting of a carcinoma of unknown origin, it is extremely useful to have a reliable diagnostic marker with excellent specificity and sensitivity. 4 Several immunohistochemistry panels have proven useful in identifying primary or metastatic RCC. [4] [5] [6] [7] Commonly used markers include cytokeratins, vimentin, RCC marker, CD10 and carbonic anhydrase 9 (CAIX). 6 While CAIX is an excellent marker for clear cell RCC, which results from the loss of the VHL protein, it may not be an ideal marker in non-clear cell subtypes. Moreover, it can be physiologically expressed as a result of hypoxia, further diminishing its specificity. 8 PAX-8 and PAX-2 have been investigated as markers for RCC. Both belong to a group of paired box gene family of transcription factors involved in organogenesis. PAX-8 regulates renal and thyroid organogenesis. [9] [10] [11] [12] During embryogenesis, PAX-8 is coexpressed with another member of its gene family, PAX-2. The expressions of these proteins are separated temporally during development. Together, these proteins may determine nephric lineage. 9 In the adult kidney, PAX-8 has been detected in the renal epithelial cells of the renal tubules and in Bowman's capsule. 13 Recent studies suggest that PAX-8 is a specific marker for primary and metastatic RCC (mRCC). [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] When distinguishing between a primary and metastatic kidney tumour, PAX-8 could very useful. In an analysis of over 1100 various tumour types, the specificity and sensitivity of this marker was excellent to distinguish RCC and ovarian cancer from other malignancies. 22 PAX-8 is also useful for distinguishing RCC from the second most common type of kidney tumour, urothelial carcinoma, as >90% of cases have no expression of this marker. 14 In an analysis of multiple renal malignancies arising in the kidney including medullary and collecting duct RCC, PAX-8 was able to reliably distinguish RCC from urothelial carcinoma unlike other investigated markers including vimentin, high molecular weight cytokeratin, CK7, CD10, CAIX and PAX-2.
Many of the prior studies of PAX-8 expression in primary and mRCC have had limitations including the use of small cohorts, a focus on clear cell RCC only, or use of subjective methods of PAX-8 scoring. 13-18 20-22 To investigate the utility of PAX-8 expression for diagnosing RCC and mRCC, we evaluated its expression in RCC cell lines and in two patient cohorts, one containing multiple RCC subtypes and adjacent normal kidney and the other containing matched primary and metastatic tumours. The use of quantitative immunofluorescence allows an objective measure of PAX-8 expression.
MATERIALS AND METHODS
Western blot analysis PAX-8 expression was assessed in human RCC cell lines Caki-1, A498, ACHN, 769-P and 786-0; all purchased from American Type Culture Collection (Manassas, Virginia, USA). Protein lysates were obtained by standard methods and 40 mg of protein per sample was subjected to gel electrophoresis and membrane transfer. Western blotting, was performed following standard protocols as previously described. 24 After transfer, the membrane was blocked in 5% milk and incubated overnight with rabbit polyclonal anti-PAX-8 (Cell Marque, Rocklin, California, USA, 1:500 dilution). To assess protein loading, the membrane was probed with mouse anti-β-actin (Sigma-Aldrich, St Louis, Missouri, USA, 1:5000 dilution). Protein was visualised using peroxidase-conjugated antirabbit or antimouse IgG antibody ( Jackson ImmunoResearch Laboratories, 1:5000 dilution) and SuperSignal West Pico Chemiluminescent Substrate (ThermoScientific, Waltham, Massachusetts, USA).
Tissue microarray construction
Two separate tissue microarray (TMA) sets were constructed using archival, surgical material from non-overlapping resected RCC cases that have been described previously. 25 26 Cohort A consisted of a large series of patients (n=334) with renal tumours resected between 1987 and 1999 and included a total of two 0.6 mm cores from the tumour. Two hundred and ninety-four of the patients had a matched normal adjacent kidney core. 26 The cohort included clear cell RCC (71%), papillary RCC (14%), oncocytoma (6%), chromophobe RCC (2%), as well as unclassified/other histologies (7%).
'Cohort B' was constructed from 40 separate patients with RCC with metachronous or synchronous metastatic disease treated between 1978 and 2011. The array set included eight 0.6 mm cores, four from both the primary renal tumour and four from matched metastatic sites, two on each slide. 25 Clinical data was available for 34 patients. The cohort included clear cell (91.2%) RCC and clear cell with sarcomatoid features (8.8%) RCC. Sites of metastasis included lung (13) , bone (7), soft tissue, skin and lymph node (8), adrenal glands (2), liver (2), colon (1) and pituitary gland (1).
Immunofluorescent staining
PAX-8 fluorescence was performed using methods that have been previously described. 27 Overnight incubation with rabbit polyclonal anti-PAX-8 (Cell Marque, Rocklin, California, USA, 1:200 dilution) and goat antirabbit horseradish peroxidaseconjugated secondary antibody (Envision, Dako, Carpinteria, California, USA) was used to detect the target signal. Slides were then incubated for 1 h in an antibody cocktail of mouse anticytokeratin (Dako, Carpinteria, California, USA, 1:200 dilution), CAIX (gift from Jan Zavada, 1:1000 dilution), CD10 (Dako, Carpinteria, 1:500 dilution) and streptavidin HRP (Sigma-Aldrich, St Louis, Missouri, USA, 1:200 dilution). A goat antimouse horseradish peroxidase-conjugated secondary antibody (Envision, Dako, Carpinteria, California, USA) and Cyanine2-tyramide were used to detect the mask. Slides were incubated in 4,6-diamidine-2-phenylindole (Invitrogen, Carlsbad, California, USA, 1:300 dilution) to identify the nuclei (Invitrogen, Carlsbad, California, USA).
Automated image acquisition and statistical analysis
TMA studies have been criticised for reproducibility of scoring on a continuous scale, distinguishing between subcellular compartments, and fine discrimination between low levels of expression. A multiparametrical algorithm developed by Camp and colleagues called Automated Quantitative Analysis (AQUA) allows a rapid, automated analysis of the TMA cohort. 27 One algorithm called pixel-based locale assessment allows the subcompartmental regions to be separately analysed. An additional algorithm allows rapid exponential subtraction to remove any out of focus images that may be in a different plan. These methods have been validated and have a high degree of correlation within blocks of the same TMA as well as when compared with pathologist assessment. 24 26-28 To obtain a quantitated measurement of protein expression, staining was analysed with an AQUA. 27 Monochromatic, highresolution (1024×1024) images were captured of each histo spot, as demonstrated in figure 1. Cyanine2-tyramide signal was used to visualise cytoplasmic tissue upon which the tumour mask was based, while the individual nuclei were visualised with 4,6-diamidine-2-phenylindole. PAX-8 was visualised with Cyanine5-tyramide. AQUA allowed for the evaluation of PAX-8 expression on a continuous scale. Since PAX-8 staining is considered to predominantly stain in the nucleus, 20 the intensity of the target signal was assayed within the nuclear compartment of the tumour mask to determine each histo spot's AQUA score. The signal intensity was scored from 0 to 255 for each histo spot. In order to establish a cut-off point for PAX-8 positivity, a large representative cohort of AQUA images were provided to a pathologist for review in a blinded fashion. Cases considered PAX-8 positive all had an AQUA score of >6.0, and therefore a score of >6 was used to define AQUA positivity for PAX-8 expression. Tumour spots were excluded from the analysis if there was abundant necrotic tissue, insufficient tumour cells (<3% of the area of the histo spot) or loss of tissue in the spot during immunostaining. 28 For our data analysis, we evaluated the distribution of PAX-8 expression and found the distribution of the tumour and normal expression to approach normalcy (skewness and kurtosis, 1.78 and 3.15, tumour, and 1.39 and 2.54 for normal, respectively) (see online supplementary figure S2). To ensure our statistical analyses were valid with parametrical testing, we performed a natural log transformation of the values to improve normalcy (see online supplementary figure S2). Statistical analysis relying on the parametrical testing was performed with the transformed data to confirm that there was no change in the results with our assumption of normalcy (see online supplementary figure S3) .
The Pearson correlation test was used to compare AQUA scores for markers from matching spots from the two arrays. The paired t test was used to compare PAX-8 expression between matched tumour and normal samples from patients with distinct RCC subtypes. ANOVA was used to determine if PAX-8 expression differed significantly among all tumour types (p<0.0001). Post hoc testing using Fisher's protected least significant difference test was used to compare PAX-8 expression in RCC subtypes. ANOVA and χ 2 analysis were used to compare PAX-8 expression between primary and metastatic sites
Original article and between primary and matched metastatic samples. Survival time was calculated from date of initial surgery to date of last follow-up, with censoring performed at death from other causes or last alive contact. Survival analyses were performed using the Cox proportional hazards model. Statview and JMP V.9.0 (SAS Institute, Cary, North Carolina, USA) were used to conduct statistical analysis.
RESULTS
Western blot analysis confirmed PAX-8 antibody specificity and its presence in various RCC cell lines such as ACHN, A498 and 769-P (see online supplementary figure S1). PAX-8 protein was observed at molecular weights of 48 kD and 58 kD, both corresponding with previously described sizes of the various PAX-8 isoforms. 29 figure 2) .
The data distribution for PAX-8 AQUA scores was normal. In tumour tissue, AQUA scores ranged from 3.219 to 76.684 with a mean score of 17.651 (median score: 12.982) ( figure 3A ). There were no statistically significant differences in expression observed between normal tissue and chromophobe RCC (p=0.1715) and normal tissue and oncocytomas ( p=0.2574, table 2). There was a trend for higher PAX-8 expression in papillary RCC compared with normal tissue, but this failed to reach significance ( p=0.0748, figure 3B ). Fisher's protected least significant difference testing demonstrated that papillary tumours Figure 1 Example of Automated Quantitative Analysis (AQUA) staining for PAX-8 in PAX-8-positive (upper panels) and PAX-8 negative (lower panels) histo spots. Slides were incubated in anti-PAX-8 to create target signal. The target signal was visualised using cyanine5-tyramide. To create a tumour mask, slides were incubated in a cytokeratin, carbonic anhydrase 9 (CAIX) and streptavidin HRP cocktail. The tumour mask was visualised with cyanine2-tyramide. Nuclei were visualised using 4,6-diamidine-2-phenylindole (DAPI). Figure 2 Pearson's correlation between slide 1 and slide 2 of cohort A reveals strong correlation in scores (R=0.9). (table 4) . By ANOVA we found that PAX-8 expression is significantly higher in metastatic than in primary sites (p=0.0047, figure 4A) . Overall, 29 of 38 primary tumours were positive for PAX-8, while 9 were negative (table 4). Thirty-one of 33 metastatic tumours were positive for PAX-8, while 2 were negative (table 4). Of the assessable cases with corresponding matched tissue, 22/24 PAX-8 positive primary tumours had positive expression in the metastatic site. There was no statistical difference in positivity between the matched pairs (χ 2 p=0.274, figure 4B ).
DISCUSSION
Tissue evaluation by light microscopy of tissue core does not always guarantee the successful identification of the tumour type. Frequently, reliance on cellular morphology alone may be insufficient to help distinguish renal origin from other sites of disease or determine the renal histological subtype. Often the sample may be too small or too poorly differentiated to make a definitive diagnosis by morphology. A recent survey performed by the International Society of Urologic Pathologists found that a majority (nearly 90%) of pathologists report using various immunostains to confirm the diagnosis of mRCC. 3 There was consensus among International Society of Urologic Pathologists respondents that immunohistochemistry should be performed prior to confirming a diagnosis of an unclassified renal tumour. While many reported using a variety of well-characterised markers such as CK7, vimentin, CD10 and RCC marker, the majority of respondents reported that the most useful immunostains were PAX-2 and PAX-8. 3 Most genitourinary malignancies rely on diagnostic material to dictate the course of treatment. Kidney cancer is unique in that there is no consensus on the role of biopsy of the primary and distant metastases. Currently the American Urologic Association guidelines suggest renal mass biopsy when there are clinical or radiological concerns for lymphoma or metastasis to the kidney from a different solid tumour. 30 In the setting of a possible nonrenal malignancy, a biopsy in conjunction with molecular markers could alter management, as a renal mass may represent a metastatic site of disease nearly 20% of the time. 31 In other situations, such as prior to cytoreductive nephrectomy, some experts have suggested that tissue assessment of either the primary or a distant site may be useful to help defer surgery. 32 If morphological or IHC characteristics can confirm the presence of a nonrenal malignancy, this likely will alter management as there is limited role of debulking for most non-RCC tumours. Associations with p<0.05 are bolded. PLSD, protected least significant difference; RCC, renal cell carcinoma.
Original article
As the role of molecular markers used for tissue confirmation on nephrectomy specimens and biopsy continues to expand, it is important to understand the reliability of markers used in clinical practice. In this study, two specially designed TMAs were analysed to evaluate the PAX-8 expression with quantitative immunohistochemical assessment. Our study has several important findings regarding this diagnostic marker for RCC. First, in normal kidney tissue, we confirm that PAX-8 is highly expressed and positive in 96% of samples. Second, we found that renal tumours overall were less frequently positive for PAX-8 expression (83% of cases) and had a significantly lower intensity of staining when compared with normal tissue. The primary renal tumour positivity is less than the >90% reported in several series. 18 22 Third, we demonstrate that among renal tumours, PAX-8 expression varies significantly by histological subtype and compared with normal kidney, may have either similar or lower PAX-8 expression.
The most common histological subtype, clear cell RCC, had significantly lower expression than normal kidney and papillary RCCs. Our assessment of clear cell RCC PAX-8 positivity, 80% (165/207), differs from prior reports that mention positivity to be between 91% and 98%. 13 22 For papillary RCC, PAX-8 expression was positive in 95% (39/41) of cases which is consistent with the 71-100% positivity in the literature. 13 20 22 Prior findings raised questions regarding the utility of PAX-8 expression in chromophobe RCC as positivity was reported to be as low as 57% with strong expression in only 9% of cases. 13 20 22 We only had six chromophobe RCCs in our cohort, yet all had PAX-8 expression, and the level of expression, while lower than papillary RCC and oncocytoma, was similar to normal kidney and clear cell RCCs.
A recent report found decreased PAX-8 expression with higher grade renal tumours. 20 Such a finding could perhaps have important implications on the utility of this marker to detect more aggressive malignancies. However, our quantitative evaluation of PAX-8 expression with clinicopathological variables found no significant association with stage or grade, similar to prior reports showing no correlation of grade to marker positivity. 18 Additionally, other reports demonstrated that PAX-8 expression is positive in nearly 90% of metastatic sites of disease. 20 In the matched metastatic and primary RCC array (Cohort B), more intense PAX-8 immunostaining was actually seen in the metastatic specimens compared with the matched primary tumour. Our data aligns with recent work in a smaller cohort (n=15) that demonstrated higher levels of PAX-8 in metastatic tissue than in primary tissue. 33 However, while quantitatively higher, there was no difference in positivity between the matched pairs, suggesting that in cases where only primary or only metastatic tissue is available, either specimen type can be used to make a correct kidney cancer diagnosis.
PAX-8 expression has been evaluated in other large patient cohorts, however this is the first study to use an objective, automated method for assessment of expression. Subjectivity of pathologist-based scoring might explain the difference in the per cent of positive cases in the clear cell population. In addition, in other cohorts non-automated methods have analysed PAX-8 expression, but all were conducted using tissue sections rather than a TMA. 16 19 20 Our separate and unique TMAs allowed us to compare various tissue types including a large cohort of primary renal tumours and normal kidney tissue as well as matched primary and metastatic tissues. The strong correlation between matching spots from the same tumour suggests that a core is an adequate indicator of expression in an entire specimen. While TMA design is not without limitations due to tissue heterogeneity, multiple cores from different tumour regions improves the assessment of protein expression. 34 
CONCLUSIONS
The role of molecular markers is evolving in the diagnosis and management of kidney cancer. PAX-8 is one of the most commonly used markers to aid in the diagnosis of RCC. We confirm that PAX-8 expression is a useful marker for the primary tumour and distant sites. PAX-8 expression is more commonly positive in normal parenchyma than in renal tumours and there are differences in expression between histological subtypes. However, compared with normal tissue and other histological types, clear cell renal tumours have lower PAX-8 expression and are less often positive (80% of cases), therefore, lack of expression does not definitively preclude a renal origin. We did not observe an association of PAX-8 expression with clinocopathological variables.
Take home messages
▸ Pathologists frequently rely on various immunohistochemical markers to confirm the diagnosis of metastatic renal cell carcinoma (RCC) and or an unclassified renal tumour. ▸ PAX-8 is a marker of renal organogenesis and is one of the most commonly used markers for RCC. ▸ Using automated quantitative analysis, we demonstrate that PAX-8 is a useful marker for primary tumours and distant sites of disease. ▸ Clear cell RCC has lower PAX-8 expression and is less often positive and therefore, the lack of expression alone should not rule out a tumour of renal origin. ▸ PAX-8 expression is more commonly positive in normal parenchyma than in renal tumours. ▸ Histological subtypes have different levels of PAX-8 expression. ▸ There is no association of PAX-8 expression with clinocopathological variables.
